The preS2/S genes of hepatitis B virus isolated from 29 acutely or chronically infected individuals in the Gauteng province of South Africa were sequenced. Phylogenetic analysis of these sequences in comparison with global isolates from the GenBank database showed that 24 sequences clustered with genotypic group A, three with genotypic group D and one each with genotypic groups B and C. Group A isolates had greater identity with groups D (variation of 6n6 %) and E (6n8 %) than with the Eastern groups B (7n4 %) and C (8n1 %) and were most different from group F (11n0 %). Of the South
Introduction
Hepatitis B virus (HBV) strains are divided into nine major serotypes, adw2, adw4 qk, ayw1, ayw2, ayw3, ayw4 , adr qj, adr qk and ayr (Courouce! et al., 1976 ; Courouce! -Pauty et al., 1978) . These divisions are based on a common a determinant and two mutually exclusive d\y and r\w determinants of the major envelope protein, and have been widely used to differentiate HBV strains in clinical, virological and epidemiological studies (Norder et al., 1993) . Serotypes have been shown to be geographically distributed (Courouce! -Pauty & Soulier, 1983) . For example, adr is confined to the East, ayw2 predominates in the Mediterranean region and adw4 is found only in the Pacific region. Serotype adw2 predominates in Northern Europe and sub-Saharan Africa, but its prevalence declines moving from East Africa towards Central and West Africa and is accompanied by a corresponding increase in the unique African serotype, ayw4 (Magnius & Norder, 1995) . Of HBV serotypes in South Africa, 97n7 % were previously reported to be serotype adw2, with the remaining 2n3 % being ayw (Courouce! -Pauty & Soulier, 1983) . Serotypic differences are based on discrete and limited sequence changes and thus it is not surprising that Author for correspondence : Michael C. Kew.
Fax j27 11 643 8777. e-mail 014KED!CHIRON.WITS.AC.ZA African group A specimens, 59n1 % clustered with two global sequences to form a discrete segment which we have called subgroup Ah. The amino acid differences that set these isolates apart from the rest of group A tended to cluster in the preS2 region (amino acids 7, 10, 32, 35, 47, 48, 53 and 54), with a few changes occurring in the major surface antigen (amino acid sites 207 and 209). Analysis of isolates showed that there was a 9-fold higher prevalence of the ay determinant in South Africa than previously reported.
when isolates of known serotype are sequenced, no genetic relatedness is evident (Yang et al., 1995) . Alignment, comparison and phylogenetic analysis of sequence data from various parts of the world show that HBV clusters into six genotypic groups, A to F (Norder et al., 1993) . Several of the genotypic groups are serotypically heterogeneous : group C contains adw, adr and ayr ; both groups A and B contain serotype adw and ayw1 ; and group D contains serotypes ayw2, ayw3 and ayw4. In addition, the genotypic groups are also themselves geographically arranged (Magnius & Norder, 1995) : adw2 clusters into group A in the West but into groups B and C in the East ; ayw1 also occurs in group A in the West, but is confined to group B in the East ; group A is seldom found in the East, whereas group C is limited to the East ; group E is limited to parts of East, Central and West Africa and group F to the Pacific (Magnius & Norder, 1995) . Little is known about the HBV genotypes that occur in southern Africa. To date the only published sequences have been those integrated into the PLC\PRF\5 hepatocellular carcinoma cell line (Rivkina et al., 1988) and the complete preS\S gene of a clone from Zimbabwe (Chirara & Chetsanga, 1994) . We have therefore sequenced the preS2 and S gene regions of HBV isolates from patients with acute hepatitis B and from chronic carriers of the virus in the Gauteng province of South Africa and compared our data with published sequences. (1994) . ‡ Sequences from this paper. § Sequences from Lauder et al. (1993) . R Country of origin of the research institution where the nationality of the patient is not specifically cited.
Methods
Patients. HBV DNA was extracted from the serum of 29 South African patients, 11 with acute hepatitis B and 18 chronic carriers of the virus. Of the patients studied, 24 were male and five were female ; 17
were Black, four of mixed descent (Eurafrican), five Caucasian, one Indian and two Chinese. The complete sequence of the preS2\S gene was obtained from 26 of the patients ; two isolates were sequenced in the preS2 region only, and one in the S gene region only.
HBV DNA extraction. HBV DNA was extracted from 200 µl serum using QIAamp rapid purification columns (Qiagen) according to the manufacturer's instructions.
DNA amplification. For the acute hepatitis B patients, the complete preS\S gene was amplified using sense primer 2810 (numbering from the EcoRI site) (5h CACGTAGCGCCTCATTTTCTGGGTCACCATATTCT 3h) and antisense primer 979 (5h CAAAAGACCCACAATTCTTTGA-CATACTTTCCAAT 3h) to yield a 1403 bp amplicon. The proofreading enzyme Pfu (0n0025 U\µl) was added to the PCR reaction mix [10 mM Tris-HCl pH 9n0, 50 mM KCl, 1n5 mM MgCl # , 200 µM of each dNTP, 0n05 U\µl Taq polymerase (Promega), 1 µM of each primer, 0n1 % Triton-X100] to enhance the fidelity of the polymerase reaction. The entire core and surface genes of the chronic carriers were amplified using sense primer 1738 (5h AGTTGGGGGAGGAGATTAG 3h) and antisense primer 1018 (5h CCACATTGTGTAAATGGAGCAGC 3h) to yield a 2483 to 2522 bp fragment (depending on genotype) using TaqExpand polymerase enzyme (Boehringer), which contains proofreading activity. When no product was evident on first round PCR, a nested PCR was performed using sense primer 2833 (5h CTTGGGAACAAGAGCTA-CAGCAT 3h) and antisense primer 1018, as above. This gave a 1388 to 1427 bp amplicon. DNA sequencing. Oligonucleotides and excess dNTPs were removed from the PCR products either with Magic PCR Preps (Promega) or by digestion with Exonuclease I and alkaline phosphatase according to the protocol from the USB direct sequencing kit (Amersham). The preS2 (from nt k11 to 154) and the S genes (from nt 155 to 845) (coding for the middle and major surface antigens) of all amplicons were sequenced directly (USB direct sequencing kit, Amersham) in both forward and reverse directions.
Serotyping. Serotypes for all samples were deduced from sequence data and some of these were confirmed using monoclonal antibodies directed against the a, d, y, w and r determinants of the surface antigen (serotyped South African specimens are marked with an asterisk in Table  1 ) using the HBsAg subtype kit from the Institute of Immunology Co., Tokyo, Japan.
Data analysis. Twenty-six South African isolates were compared with 42 sequences from GenBank, complete over the relevant 846 nucleotides. The remaining three South African isolates, which lacked some sequence information at both ends of the fragment, were analysed together with 23 ' preS2 only ' or 16 ' major surface gene only ' sequences from GenBank. These sequences, together with our 26 full sequences and the 42 GenBank sequences, enabled a comparison to be made of 93 specimens in the preS2 region and 85 in the S gene region. All sequences used in this study are referenced in Table 1 . Mutational hot spots in the sequenced region were ascertained by storing all sequence information in a database (dBase IIIj, Ashton Tate) and then calculating the frequency of each base at each nucleotide position using a customized program. Similarly, the frequency at each site of each amino acid in the deduced proteins, surface and polymerase, was calculated. The nucleotide and amino acid consensus sequences (the latter in both reading frames) were obtained from these frequency tables, and the percentage occurrence of the most common entity was plotted for each position in the genome (Fig. 1 ). Dendrograms were generated using PHYLIP (Phylogeny Inference Package) version 3.5c DNAPARS, FITCH, DNAML, DRAWTREE and DRAWGRAM software programs (Felsenstein, 1993) .
Results
Fig . 1 illustrates the identity, at each site of the preS2\S gene at the nucleotide and amino acid level, of both transcribed open reading frames (ORF) (i.e. the middle surface protein and part of the polymerase enzyme). The overall nucleotide and amino acid variations for all sequences compared in this study appear as troughs in this graph, the depth of which reflects the amount of variation at a particular site. Variable amino acid sites were defined as positions at which the predominant amino acid was present at a frequency of less than 95 %. Using these criteria all of the previously reported determinants were observed. Using these data, the degree of diversity of important preS2 and S domains was calculated, both at the nucleotide and amino acid level ( Table 2) .
The 68 complete preS2\S sequences were analysed using Sequence data from two patients, both of Chinese origin, do not cluster with the rest of the specimens but cluster into group B (adw) and group C (adr), respectively. To improve the accuracy of the trees, the two genotypic groups of interest, namely group A and group D, were analysed individually using the non-distance matrix program DNAML (Fig. 3) . Both Fig. 2 and Fig. 3 (a) show clearly that group A splits into two distinct subgroups. Of the South African isolates, 40n9 % (A14, A15, A16, A21, A22, A24, A26, A28 and A36) cluster with published sequences, forming the first subgroup of A, while the remaining 59n1 % (A17, A18, A19, A20, A23, A25, A27, A29, A30, A32, A39 and A40) cluster separately to form a discrete genotypic segment, which we referred to as subgroup Ah. Also clustering in subgroup Ah were three isolates from GenBank, A45 (a Zimbabwean isolate), A04 (a French isolate ; Tran et al., 1991) and A42 (a clone isolated from the Philippines ; Estacio et al., 1988) . A05 and A46, which are variants of A04, also cluster with subgroup Ah.
Pairwise analysis of nucleotide divergence in the 32 complete preS2\S group A sequences of HBV DNA was performed and the mean difference between these two segments of group A was found to be 3n8 % whilst the difference within each subgroup was 1n7 % (group A) and 2n9% (group Ah). Similarly, intra-and intergroup nucleotide and amino acid divergence of all the groups was calculated (Fig. 4) . From this figure, it can be seen that group A has greater identity with groups D (6n6 %) and E (6n8 %) than with the Eastern groups B (7n4 %) and C (8n1 %), and is most different from group F (11n0 %).
Discussion
Using the preS2\S gene nucleotides, which constitute 26n3 % of the total genome, we have genotyped 26 HBV isolates from acutely or chronically infected individuals. An additional three PCR amplicons lacking either the preS2 region (one specimen) or part of the S gene (two specimens) were also successfully genotyped. The degree of diversity (Table 2 ) of the preS2 region at both the nucleotide and amino acid levels is greater than that of the S region. When the preS2 region alone (constituting 5n1 % of the genome) was used for the analysis, this short stretch of 165 nucleotides was found to be sufficient for the definition of the six HBV genotypic groups.
Amino acid alignment revealed sites where characteristic clustering of variants occurred (Fig. 5) . Some of these sites have not been reported previously. In particular, a series of variations in subgroup Ah sequences, predominantly in the preS2 region, set these isolates apart from the rest of group A, which is otherwise well conserved.
Cysteines at sites vital for the maintenance of the antigenicity of the major surface antigen (codons 48, 65, 69, 121, 124, 137, 138, 139, 147 and 149 ; Antoni et al., 1994) were well conserved in our samples and no changes at previously reported vaccine escape-mutant sites were found in the database (Met"$$, Oon et al., 1995 ; Lys"%", Whittle, et al., 1991 ; Pro"%#, Ashton-Rickardt & Murray, 1989 ; Ala"%%, Harrison, et al., 1991 ; Gly"%&, Waters et al., 1992 and Fujii et al., 1992) .
In the past, specimens were categorized by serotype but since serotype specificities are defined by point mutations, it is far more informative to sequence longer stretches of the genome and then assign the isolate to a genotype by phylogenetic analysis. Both the 165 nucleotides of the preS2 region or the 681 nucleotides of the S gene (or a combination of both) were found to be suitable for genotyping. A Lys to Arg switch at amino acids 122 and 160 of the S gene defines the d\y and w\r serotype specificities, respectively (Okamoto et al., 1987 (Okamoto et al., , 1989 . Ile"#' is thought to abolish the w determinant and thus define the r determinant (Norder et al., 1992) . No other sites previously regarded as d\y or w\r determinants have consistently maintained their specificity as global sequence data accumulate. Residues 127 and 134, however, did consistently discriminate between the w determinants in the specimens examined. As previously described, Pro"#( indicates w1 or w2, Thr"#( signifies w3 and, since both groups E and F have Leu"#(, without ambiguity, this amino acid most probably determines w4. w2 specificity can be discriminated from w1 by examining amino acid 134 where Phe"$% is indicative of the former and Tyr"$% of the latter. Based on these sites, all our group A adw specimens were of specificity w2.
The ay specificity was detected in six of the 30 southern African specimens in this study. These included the three South African group D specimens (namely, D20, D21 and D22) as well as the two group A specimens, A39 (ayw) and A40 (adyw), and the Zimbabwean specimen, A45. This 20 % occurrence is 8n6 times higher than the previously reported figure of 2n3% from serotype analysis from southern Africa (Courouce! -Pauty & Soulier, 1983) .
Variations specific to a particular genotypic group tend to cluster together in the same region of the genome. From Fig.  5 , it can be seen that group B-specific changes occur at amino acids 36 and 46 in the preS2 region and at amino acids 5, 56, 57, 64, 85 and 213 in the S region. Group F-specific sites occur at amino acids 32, 42, 51 and 54 in the preS2 region and at 18, 19, 45, 61, 158, 178, 183, 206, 220 and 225 in the S region, which are all in the fourth helix or amino-terminal region of the major surface antigen. Asn#!%, previously defined as a group F determinant (Norder et al., 1994) , was present in two non-F isolates, A09 and E05 (Fig. 5) . Also, group C determinants occur at surface amino acid 4 and at two sites, amino acids 126 and 160, which define the r determinant in the extracellular loop. In this same region, group A is identified by residue 45. Group D was defined in the S region by Thr%&, Thr%' and Tyr"$%. Group E did not have any definitive sites but shared three sites with group F, preS2 site 41 and surface antigen sites 127 and 140. Leu## shows considerable variation and forms part of the immunodominant region extending from preS2 amino acids 12 to 24, which are reported to be involved in the primary antibody response (Meisel et al., 1994) . As shown in Fig. 5 , Thr"" (in groups B and D) and Leu"$ (in groups C and F) occur in a preS2 region, amino acids 1 to 15, which is both HLA class I and class II restricted (Chisari, 1995) and the variable residues 7 and 22 are at T cell receptor contact sites.
A series of variations, predominantly in the South African group A sequences, which tended to cluster in the preS2 region, set Ah apart from the rest of group A, which is otherwise well conserved (Fig. 3 a) . Also grouping with these unique South African specimens was the Zimbabwean isolate (A45), the French isolate (A04) and clone pFDW294 (A42) from the Philippines, previously observed to be most similar to the Zimbabwean isolate. When the preS2 sequences from Kidd-Lju$ nggren et al. (1994) and the S only sequences from Norder et al. (1992) are included in the analyses the new subgroup expands to 23 (including 66n7 % of the southern African specimens) ; 19 of these (82n6 %) are African in origin since the Mozambican PLC\PRF\5 hepatoma cell line sequence as well as a sequence from Cameroon and the three incomplete South African sequences cluster with this group. Of interest, the only other addition to the group is KiddLju$ nggren's specimen LS (A10) from the Philippines. Additions to the other subgroup include three European specimens (A06, A11 and A12), a Taiwanese specimen (A41) and Lo's specimen (A02) which is of Far Eastern origin.
In the phylogenetic trees (Figs 2 and 3 ) some specimens such as the mutant A05 and recombinant A46, referred to by Tran et al. (1991) , as well as the Zimbabwean variant A45 show considerable variation from the rest of the specimens. A46 and A05 show a series of common mutations setting them apart from the rest of subgroup Ah at preS2 sites 31, 37 and 49 and surface antigen sites 45, 49, 68, 114, 134 and 143 . D07, the GenBank HPBAYWCI mutant (Lai et al., 1991) , which was isolated from a patient with HBsAg negative chronic liver disease, behaves like a putative recombinant having group A preS2 sequences and group D surface antigen sequences. This was revealed by the fact that it falls into ' significantly discordant positions in different trees ' (Hahn et al., 1995) , grouping with group D when the S region alone was analysed but with group A when the preS2 region alone was used. When the full preS2\S sequence was used in the analysis, D07 becomes an outlier separated from known groups (Fig. 2) .
In the preS2 region, five of the South African specimens show a change at the T cell receptor contact site at amino acid 7. In two of the specimens Ala( is changed to Arg( and in the three others it is changed to Thr(. This is not, however, a subgroup-specific change as the former pair of specimens are not part of the new subgroup and Thr( was also used previously as a determinant for group D. At amino acid 10, Gln is changed to Lys or Arg in five of our specimens and amino acids 7 to 22 are deleted in another. This site is subgroupspecific as the variants are all part of a subdivision of Ah. This section (A19, A27, A20, A17 and A25, see Fig. 3 ) is also represented by changes at amino acids 48, 53 and 54. PreS2 amino acids 32, 35, 47 and 54 and surface antigen residues 207 and 209 split segment Ah from the rest of group A. A01 (Cameroon) and A09 (Mozambique) have these latter two Ah determinant sites. Amino acids 47 (Ala to Ser) and 48 (Arg to Thr\Lys), which define group Ah, were part of the genotypedependent recognition site at the carboxy terminus of the preS2 sequence, amino acids 42 to 49 (Meisel et al., 1994) .
There are indications (e.g. group B preS2 amino acids 33, 35, 39, 41 and 48) that other groups might show subdivisions when further group members are sequenced. Certainly, an understanding of highly conserved sites (e.g. amino acids 86 to 98, a region containing two HLA-A2 epitopes), as well as highly variant regions may be helpful in understanding the virus-host interactions and the form of disease manifestation in different individuals following HBV infection. The distribution of mutational hot spots in the alternate reading frame of the polymerase gene could also help to determine those portions of the P gene with essential functions (Fig. 1.) 
